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Abstract
This study is the first of its kind that made an assessment of theoretical storage capacity within the deep saline 
aquifers in the Mozambique Basin. An integrated approach that involved geographic information systems analysis 
and field data assessment was adopted to estimate the storage capacity. Geological characterization was conducted 
based on available geological cross-sections supported by well stratigraphy data and data from well-logs. Four 
separate saline aquifers in the depth ranges of 800 m to 3,500 m below surface were recognized in the basin, each 
having its own sealing shale layers. The theoretical low- and high-end CO2 storage capacity for the saline rock 
formations were estimated using volumetric approach.
The integrated approach that involved use of GIS tools and field data has resulted in more robust estimates which 
reduced the spatial uncertainty and thus constrained CO2 storage capacity estimations.  It also avoided the unrealistic 
extrapolation throughout the basin, while promoting a proper accounting for the possibility to store CO2 in multiple 
overlaying formations. We believe that the digital storage atlas developed should provide a basis for further work to 
reduce the uncertainty in the estimates and also provide support to policy makers on future planning of CCS projects 
in the country.
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1. Introduction
Carbon dioxide capture and storage (CCS) is one of the most viable technology options for mitigating climate 
change through stabilization of atmospheric greenhouse gas concentrations. In order for CCS technology to meet the 
overarching climate objectives geological storage sites should have adequate capacity, injectivity, containment as 
well as tectonic stability for safe long term storage. Reliable estimates of CO2 storage capacity are essential in order 
to get an insight on the viability of geological storage in the concerned jurisdiction as well as to improve business 
decisions regarding site selection and development. 
As of today, most of Mozambique’s electricity generation is based on hydropower and thus CO2 emissions are 
limited. CO2 emissions in 2010 were approximately 2.5Mt/y (0.01% of global CO2 emissions) with cement industry 
being the main contributor. However, Mozambique has large coal and gas reserves and the energy mix may change 
in the coming 5-10 years, particularly if the 9GW of coal-fired capacity currently under consideration in the Tete 
Province, Northern Mozambique, is brought on-line, the CO2 emissions will considerably increase. Handling CO2
emissions from the coal-fired power plants as well as from the processing of gas will be crucial if Mozambique is to 
remain a low-emitting country. This work will support policy makers on future planning of CCS projects in the 
country.
A Geographic Information System (GIS) offers spatial data management and analysis tools that can assist 
decision making through analyses of spatial and attribute information about a region. GIS technology has proven to 
be an efficient tool in many geoscience-based studies [1] [2] as well as studies more specific to CCS [3] [4] [5]. For 
GIS applications to be more effective it is important to integrate field data that can support the analysis, in this case 
CO2 storage capacity assessment, so that it can contribute to reduce uncertainty that could lead to more reasonable 
estimations. 
Different scales of CO2 storage capacity assessment exist which span from country-scale to local-scale. Basin-
scale Assessment is one scale of assessment that involves a more detailed level of assessment compared to country-
scale assessment. As is the case in this study, the focus is on a particular sedimentary basin to evaluate and quantify 
its storage potential and to identify the best regions for CO2 storage and the types of storage that may take place in 
the basin [6]. Storage capacity estimates at a basin-scale is challenging on one hand because of the presence of very 
limited data sets (wellbore and seismic profiles) relative to the area of the sedimentary basin as well as 
heterogeneity. On the other hand extrapolation of the few available data points to depict the characteristics of the 
whole basin poses large uncertainties and would result in unreliable estimates.  
In this paper an integrated approach was adopted that involved limited available data in combination with GIS 
tool to constrain the CO2 storage capacity estimates in the deep saline aquifer formations in the Mozambique Basin. 
Instead of extrapolating the few available field data throughout the whole basin, the CO2 storage capacity estimates 
are constrained to reflect the data and hence spatially using the GIS tool. Geological characterization was conducted 
based on available geological cross-sections supported by well stratigraphy data and data from well-logs. Data from 
100 boreholes were examined. From this data the potential reservoirs were characterized at a geological formation 
level in terms of depth, thickness, porosity and presence of cap rocks. Four separate saline aquifers in the depth 
ranges of 800 m to 3,500 m below surface were recognized in the basin, each having its own sealing shale layers. 
The theoretical low- and high-end CO2 storage capacity for the saline rock formations were estimated using the DOE 
(2008) [7] formula for CO2 storage capacity estimation and some basic assumptions supported by observed data. The 
current estimates represent the theoretical capacity. The Theoretical Storage Capacity is the total resource without 
accounting for technical or economic limits [6].
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2. Geology 
2.1. Regional geology
The Republic of Mozambique covers an area of 801,537 km2 and is located in south-eastern part of Africa 
(Figure 1). The geology of the sedimentary basins in Mozambique is broadly classified as two types representing 
partly onshore and offshore. These include Coastal Basin and Channel (Offshore).  There are five sedimentary 
basins in Mozambique (Figure 1).
The geology of the Mozambique and Rovuma basins are the most characterized ones as some oil and gas 
exploration and production activities have been going on in these basins since 1948. In the Mozambique basin there 
are four proven gas fields (Pande, Temane, Buzi, Inhassoro) and in the offshore Rovuma Basin 100Tcf of gas were 
discovered in 2012 by Anadarko, ENI and their partners. Mozambique has been identified as a new giant in natural 
gas. The focus of this study is the Mozambique Basin with an area of 653,512 km2
The sedimentary rocks belong to Cretaceous through Cenozoic age. Based on seismic data, the overall thickness 
of the sedimentary column above the Karroo basalts surface, for example in the Pande field area, exceeds 5-5.5 km 
[8]. Continental, transitional, and marine sedimentary facies are common. The general continental/marine facies 
change takes place in the eastern direction coinciding in space with the present-day shoreline representing the 
coastal basin. From drilling data, several formations were identified in the Pande area that is also developed in other 
areas of the Mozambique Basin which correlates well towards offshore to Mozambique Channel Basin. These 
include several geological formations with different depositional environments and variable thicknesses that range 
from 500 to 2500 m [8].
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Figure 1: Location map of Mozambique and the sedimentary basins.
2.2. Stratigraphy of the Mozambique Basin
All Various publically available documents indicate that the regional stratigraphic correlation data consist of 
numerous sandstones and, to a lesser degree, carbonate quality reservoirs in both the shelf and coastal areas [8] [9]
[10]. Considering the thick sedimentary section further offshore, equally potential reservoir sequences are also 
expected. Figure 2 shows a simplified stratigraphic chart in the Mozambique Basin. Cretaceous, Paleogene, and 
Neogene sediments are widespread over the whole of the Mozambique Basin. According to drilling data, several 
formations are identified in the Mozambique Basin and a summary of the geological formations are briefly 
presented here, for more details see [8].
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The Sena formation (Lower Cretaceous) occurs as multicolored alluvial-proluvial arkosic sandstones, 
conglomerates, argillites containing freshwater and brackish water fauna and vegetable detritus. Lower Domo shale 
formation (Cenomanian) discordantly overlies the Sena sediments which occur as dark argillites with lenses of 
arkosic sandstones. A thin succession of shaly rocks with the presence of marine fauna is a clear indication of their 
marine genesis. Domo sand formation (Cenomanian-Turonian) is represented by quartzose sandstones with some 
interbeds of dark argillites unconformably overlying the Lower Domo shale sediments
The Upper Domo shale formation (Turonian-Lower Senonian) is composed of a sequence of dense, dark-gray 
argillites with occasional sandstone interbeds. The formation discordantly overlies the underlying sediments of the 
Domo sand formation. Whereas the Lower Grudja formation (Upper Senonian-Lower Maastrichtian) is 
lithologically represented by glauconite- quartzous sandstones, shales, and shaly marls that were formed in a 
shallow shelf environment. This is the primary gas-bearing formation in the Mozambique Basin. The Upper Grudja 
formation (Upper Maastrichtian-Lower Eocene) appears as an alternation of glauconite-quartzous sandstones with 
beds of shales, marls, and limestones. These are shallow-water marine sediments commonly spread within the 
Mozambique basin discordantly overlying the lower sequences. Sandstone horizons are discontinuous in thickness 
and are bedded as big lenses. 
The sediments in the Cheringoma formation (Middle to Upper Eocene) occur as a carbonate sequence: 
nummulitic limestones and sandstones, dolomites, argillaceous limestones that were deposited in a carbonate shelf 
environment. Miocene sediments comprise the following formations: Inharrime, Temane, and Jofane. 
As can be observed from Figure 2, the windows for underground storage of CO2 lie at depths greater than 800 m 
(orange and yellow colors). This is the depth where the CO2 achieves a dense phase known as ‘supercritical’ by 
which the CO2 has both gas and liquid properties and is 500 to 600 times denser (up to a density of about 700 kg/m3)
than at surface conditions, while remaining more buoyant than formation brine, a condition suitable to store the CO2.
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Figure 2: A simplified schematics of the stratigraphy in the Mozambique Basin. Orange and yellow colors represent reservoirs dominantly 
sandstones and limestones, and green shales. Depth ranges are not to scale.
2.3. Potential traps in the Mozambique Basin
     A variety of traps exist in the Mozambique basin, both stratigraphic and structural in onshore and offshore areas. 
Several interpreted 2D seismic data allowed identification of possible trapping style in the area [11]. Potential 
stratigraphic traps dominate in the Pande-Temane and Zambezi areas with some localized structural trapping being 
evident in structural highs. Stratigraphic traps include pinch-outs on-lapping on structural highs, truncations against 
unconformities, and channel fills. Structural traps are represented by rotated fault blocks possibly creating four-way 
dip closures. Combined traps are also present, such as pinch-outs truncated by faults.
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3. Data and Method
3.1. Data source
   The national oil institute of Mozambique (INP) is responsible for archiving data and reports from data collection 
activities associated with petroleum exploration and production within Mozambique. This includes interpreted 
seismic 2D cross-sections, 2D and 3D seismic data, stratigraphic and geological reports, and data from exploration 
and production wells such as logs and reports. As is evident from Figure 3a, most of the well records lie in the 
Mozambique Basin.
   In order to assess the potential for CO2 geological storage in saline aquifers in Mozambique, DNV GL purchased 
temporary access to the data and information hosted by INP. Data from a population of about 100 wellbores was 
collected from the archives of INP and entered into ArcGIS database. Figure 3b shows the distribution of data 
accessed from INP’s archives and used for both the characterization and calculations of the theoretical CO2 storage 
potential in the Mozambique Basin.
a)                                                             b)
Figure 3: Data available for the study (a) all data set and (b) data accessed in INP’s data room.
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3.2. Characterization of potential aquifers for CO2 storage
Depth
In order to ensure that stored CO2 remains in the dense phase storage formations with depths exceeding 800m 
were considered. No maximum cut-off depth was applied. The saline aquifers which satisfy the depth criteria and 
for which the CO2 storage capacity calculated are the following:
- The Sena formation for depths in between 1565 to 3220m
- The Domo Sands for depths in between 1850 to 2900m
- The Lower Grudja for depths in between 810 to 1865m
- The Upper Grudja for depths in between 800 to 1570m
Formation lateral extent
Nineteen wellbores distributed in five cross-sections were analyzed to define zones considered as potential 
candidates for CO2 storage. Additional two cross-sections were constructed to get an understanding of the East-West 
and North-South lateral extent of the respective formations. Table 1 presents the maximum distance between wells 
within seven different sets of sections, referred to as Section-1 to Section-7. The maximum lateral extent in Table 1 
is calculated by tracing the geological formations in the cross-sections where their presence was confirmed in well 
logs. Further the lengths corresponding to the continuity of the formations between adjacent wells were summed up 
and considered as the maximum lateral extensions of each geological formation. These lateral extents in Table 1 
have been used to confirm the extent of formation areas that were defined after mapping of the wellbore data in the 
Geographical Information System.
Table 1: Summary of geological cross-sections from well correlation data.
Name Location Geological 
formation
Maximum 
lateral 
extent in 
(km)
No. of 
Wells 
along 
section
Remarks
Section-1
(NNW-
SSE)
Inhambane Cheringoma 63 3 Section missing in well Sunray-12
U_Grudja 0 Missing
L_Grudja 144
Domo sand 63 Section missing in well Sunray-12
Sena 144
Section-2    
(N-S)
Pande-
Temane
Cheringoma 106 3
U_Grudja 106
L_Grudja 106
Domo sand 106
Sena 106
Section-3
(NW to E-
W)
Funhalouro Cheringoma 163 4
U_Grudja 32 Section missing  in Nhachengua & 
Pomene wells
L_Grudja 163
Domo sand 118 Shallow well at Pomene-1
Sena 118 Shallow well at Pomene-1
Section-4
(N-S)
Sunray Cheringoma 160 4
U_Grudja 0 Missing
L_Grudja 160
Domo sand 111 Section missed at Zandamela-1
Sena 3 wells not reach formation
Section-5
(N-S)
Macia NW/ 
Sunray
Cheringoma 42 5 Missing in three southern wells
U_Grudja 42 Missing in three southern wells – very thin
L_Grudja 180
Domo sand 180
Sena 149 Not reached at well Macia NW-1
Section-6
(N-S)
Mambone 
to 
Funhalouro
Cheringoma 290 4
U_Grudja 290 Very thin, partly eroded
L_Grudja 290
Domo sand 290
Sena 290
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Section-7
(E-W)
Mancia 
NW to 
Sunray
Cheringoma 250 3
U_Grudja 250 Very thin, partly eroded
L_Grudja 250
Domo sand 250
Sena 250
Porosity
The porosity data gathered from wellbore information is presented for each formation in Figure 4. In general the 
porosity values vary from 0.10 to 0.34. Low porosity values are characteristic of deep formations (> 3000 m). 
Except for the Lower Grudja formation (Figure 4c), the number of data points is limited to 3-5. In order to 
understand the variability of porosity values with depth in the sedimentary basin, all data sources were plotted as 
shown in Figure 5. There is a good trend in the data showing decreasing of porosity with depth, presumably due to 
more compaction and cementation with depth. The porosity data shows good correlation with depth and this 
information is used to depict the values of porosities in wellbores with no data.
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(a)                                                                               (b)
(b)                                                                             (d)
Figure 4: Porosity data collected from INP’s archives (a) Sena formation (b) Domo sand formation (c) Lower Grudja formation and (d) 
Upper Grudja formation.
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Figure 5: Porosity data collected from INP’s archives for all formations.
Thickness and net to gross ratio (NTG)
The net to gross ratio (NTG) represents the portion of reservoir rock which is considered to contribute to have 
capacity store CO2. This ratio was calculated from the net reservoir thicknesses within each geological formation as 
collected from wellbore information by dividing to the total thickness of each formation. Table 2 summarizes the 
data collected for the different formations of interest in the Mozambique Basin.
Table 2: Data summary of thickness and NTG for the four formations.
Formation Total Thickness (m) NTG
Sena 445 - 800 0.0006
Domo sands 185 - 266 0.04 – 0.92
Lower Grudja 290 - 760 0.011 – 0.89
Upper Grudja 35 - 426 0.05 – 0.13
The average NTG was multiplied with the corresponding thickness of each of the four geological formations to 
determine the thickness of the respective reservoir zones considered suitable for storing CO2. The derived thickness 
values were then used to estimate the theoretical storage capacity of each formation using equation (a) given in 
Section 3.3. It is important to mention that due to large variations in NTG values in the data collected different 
values were applied to arrive at the low-end and high-end estimates.
Cap rocks and reservoirs
All the geological formations considered as candidates for potential CO2 storage are characterized by having 
thick (> 200m) cap rocks at the top of each geological formation. The sandstone reservoirs are generally very thin 
and vary in thicknesses from about 10 to 60 m and found to be interlayered within thick shale formations. Therefore, 
in addition to the top seal, intra-formational shale layers are common which adds to the heterogeneity of the 
sandstone reservoirs. The number of sand layers within each formation varies from at least 2 to about 10 and at 
times even more, thus it was very difficult to characterize all sand layers from the available wellbore data. Instead 
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the NTG is applied to estimate the reservoir thicknesses that would be available for potential CO2 storage for each 
geological formation.
3.3. Estimation of storage capacity
There are different formulas available for computing CO2 storage capacity estimate (e.g. [4] [7] and many 
others): In this study the volumetric method was used as a basis for CO2 capacity calculations in the deep saline 
formations of the Mozambique Basin [7]. The volumetric formula requires the injection total area (At), formation 
WKLFNQHVVKDQGSRURVLW\ĭDQGWKHGHQVLW\RIWKHLQMHFWHGIOXLGDWWKHIRUPDWLRQWHPSHUDWXUH
The multiplication of these four factors would represent the capacity of the formation within the area considered 
if the pore space was completely void. However, the pore-space is initially filled with saline formation water (brine) 
that would need to be displaced and compressed by the injected volume of CO2. To account for this additional effect 
a storage efficiency factor (E) is applied. The storage efficiency depends on the volume of connected pore space, 
and the compressibility of the brine and the rock within this connected pore space. If one assumes that the rock is 
incompressible and that the volume of rock within the formation in the area considered (At x h) is a completely 
closed system, i.e., that displaced brine cannot move beyond the boundaries of this volume, then the storage 
efficiency factor would generally be less than 1% (limited by the permissible pressure increase within the 
formation). This volume is essentially the volume made available for CO2 storage by compressing brine in the 
formation within the area considered. However, typically there is large inter-connected pore volume into which 
brine may be displaced. It is therefore common to allow for higher storage efficiency factors. The volumetric 
equation for CO2 resource calculation in saline formations with consistent units assumed is as follows and the 
parameters are defined in Table 3:
GCO2 = At x hg x ĭtot x ȡ x E (a)
Table 3: Parameters for CO2 storage capacity estimations (after [7])
Parameter Units Description
GCO2 M Mass estimate of saline formation CO2 resource
At L2 Geographical area that defines the basin or region being assessed for CO2 storage 
calculation.
hg L Gross thickness of saline formations for which CO2 storage is assessed within the 
basin or region defined by A.
ĭtot L3/L3 Average porosity of entire saline formation over thickness hg or total porosity of
saline formations within each geologic unit’s gross thickness divided by hg.
ȡ M/L3 Density of CO2 evaluated at pressure and temperature that represents storage 
conditions anticipated for a specific geologic unit averaged over hg.
E L3/L3 CO2 storage efficiency factor that reflects a fraction of the total pore volume that 
is filled by CO2.
L is length; M is mass and E is coefficient of storage or storage efficiency.
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Main assumptions for calculation
CO2 density: in the reservoir was calculated considering the temperature and pressure at the average depth of the 
reservoir using TREND software package1.
Pressure: the pore pressure was estimated to be the hydrostatic pressure at the average depth of the reservoir. 
Lower pressure might occur in areas where fluids have been produced (depleted field). Higher pressure might occur 
in areas where burial of water-filled sediments by and impermeable sediment was so rapid that fluids could not 
escape and the pore pressure increased with deeper burial2.
Temperature: the temperature was estimated assuming a geothermal gradient of 30°C/km (average of the 
geothermal gradient on earth although it varies from place to place) considering an ambient surface temperature of 
20°C (average of daily and seasonal variation) and the average depth of the reservoir. 
Thickness and Net-to-Gross (NTG): The top depth of each formation was obtained from well stratigraphy records 
and the thicknesses of each formation were estimated by subtracting the top depths of adjacent formations. Then 
from well records it was possible to gather the NTG data which was multiplied by the thickness of each formation to 
estimate the corresponding reservoir thicknesses. It is important to mention that due to large variations in NTG 
values in the data collected different values were applied to arrive at the low-end and high-end estimates. These 
values vary from formation to formation.
Porosity: Average porosity values for each formation were used where available. In the absence of porosity data, 
the porosity-depth correlation from the basin wide data was used to estimate porosity (Figure 5). For each estimated 
average depth in the formations, the corresponding porosity data was predicted from Figure 5 and applied for 
estimating the theoretical storage capacity.
Cap rocks: All geological formations included in the saline formation storage capacity estimate have cap rocks 
(vertical seals) consisting of shale and intra-formational shale layers. Thickness of these seals was not considered in 
this assessment. For increasing confidence in a storage estimate (determining CO2 capacity) other criteria including 
seal effectiveness (e.g. salinity and pressure above and below the cap rock), minimum permeability, minimum 
threshold capillary pressure, and fracture propagation pressure of a cap rock should be considered in future work.
Heterogeneity: As there are observations from well data that the different formations are not present everywhere 
within the basin, it was decided to develop a more conservative approach towards capacity calculation, i.e. not to 
extrapolate too far beyond the data points. This approach was used to define circular zones around the data available 
within a formation where the capacity will be calculated for a given formation. More details on the approach are 
given in the next section. Each of the zones was assumed to be homogeneous with respect to density, net reservoir 
thickness and porosity. 
Trap: Both structural and stratigraphic traps are common in the Mozambique Basin. Since it was difficult to 
characterize each trap from the available data, the mapped circular zones were assumed to be perfect cylinders. This 
essentially reflects the assumption of a stratigraphic trap with a flat interface between seal and reservoir.
Storage efficiency: Two storage efficiency factors were applied (1% and 2%) in order to provide low-end and 
high-end estimates of theoretical CO2 storage capacity.
1 Developed at the Ruhr-Univers itä t Bochum (S pan Wagner Equation of s ta te).
2 http://www.glos s ary.oilfield.s lb.com/en/Terms /h/hydros ta tic_pres s ure .as px
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Conflict of use: Potential conflicts with current oil and gas activities were not considered in the definition of the 
areas where the CO2 capacity was calculated, although this could be an issue, especially for the gas producing 
reservoirs from the Lower Grudja formations. It is indeed assumed that those gas fields could be depleted by the 
time CO2 storage is considered in the areas around the gas fields. This parameter could be taken into account when 
considering a specific project with a known timeline.
Seismic activity: The World Health Organization seismic hazard distribution map shows very low to medium 
hazard with one very strong event (7.0 – 7.9 ML) located in the southern part of Mozambique, to the northwest of 
Maxixe in the Manica province3. The strongest event occurred on 23 February, 2006 and seismicity in Mozambique 
is associated with the tectonic activity along the East African Rift, which forms the boundary between the African 
(Nubian) plate in the west and the Somalian plate in the east [12]. The largest event prior to 2006 was recorded in 
1951 as ML=6.6 earthquake in the country. This may have an impact on CO2 storage security although for these 
preliminary estimates no considerations were made, it is important to consider in future assessments.
3.4. Geographic Information Systems
The full potential of GIS can be utilized when an integrated approach is adopted. Integration of field data in GIS 
can be an efficient approach to constrain CO2 storage capacity estimations. The GIS methodology adopted in this 
study is shown in Figure 6.
In order to perform the CO2 storage capacity calculation for a given formation, the first step of our methodology 
was to identify the well(s) reaching candidate formations at depths greater than or equal to 800m. Once those wells 
are identified, circles around those wells were drawn. The diameters of those circles were then compared to the 
maximum lateral extent of the formation (Table 1) to ensure that realistic values were applied.  Homogeneous 
properties were then assumed to the area as far as density; net reservoir thickness and porosity are concerned, based 
on average values of the data available within the circle. This was then followed by the calculation of the CO2 
storage capacity using equation (a).
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Figure 6: The integrated well data and GIS approach adopted in the study.
In order to add the CO2 storage capacities of overlaying formations, the basin was rasterized into 1 x 1 km cell 
size and then the CO2 storage capacity calculated within the circles were intersected with the raster map of the basin. 
Based on the area of intersection obtained from the raster map and the total area of the circle, a storage capacity per 
km2 was calculated. The same steps were repeated for the other formations. The last step was to combine all the 
rasterized circles where the CO2 capacity was calculated to produce the storage atlas. It is important to note that 
areas with no data were excluded from the capacity calculation whereas those areas with dense data allowed 
constraining the calculated CO2 storage capacity estimates. 
4. Results and Discussion
Although the lateral extent for the Sena formation varies from 106 to 290 km, based on the data points three 
equal radius (about 57 km) cylinders were identified as zones potentially suitable for CO2 storage. The lateral extent 
for the Domo sand formation varies from 63 to 290 km. In this formation, four cylinders with radiuses of about 60, 
64, 73 and 86 km were identified as zones potentially suitable for CO2 storage. The Upper Grudja formation is 
missing in some localities, especially in the central part of the Mozambique Basin due to erosion. Where the 
formation is encountered in well logs, the minimum and maximum lateral extents along the respective sections vary 
from 32 to 290 km, respectively. Two potential circular zones with radiuses of about 46 km and 74 km are identified 
in the Upper Grudja formation as zones potentially suitable for CO2 storage. The Lower Grudja formation is widely 
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distributed within the Mozambique Basin and extends laterally from 106 to 290 km. For this formation, three 
potential zones with radiuses of about 106, 122 and 150 km were identified as potentially suitable for CO2 storage. 
The results of the evaluation of theoretical storage capacity are summarized in Table 4. Without excluding the 
aquifers in the petroleum systems (Pande-Temane Gas fields), one aquifer with significantly greater theoretical 
storage potential than the others has been identified. This is the Lower Grudja Formation aquifer, which is the main 
reservoir for the gas production. The low-end capacity estimate for this formation is in excess of 1 giga-tonne (Gt).
Table 4: Summary of the evaluations of theoretical storage capacity in the Mozambique Basin.
Geological
formations
Number 
of wells
Depth range (m) Low-end CO2
Capacity  (Mt)
High-end 
CO2
Capacity 
(Mt)
Sena 5 1894-3218 122 244
Domo Sands 10 2005-2782 579 26630
Lower Grudja 30 1114-1263 1229 198899
Upper Grudja 7 1103-1179 462 2405
Total 2392 228178
The Sena formation lies deeper than 3000 m where the collected porosity data typically varies from 10% to 18%. 
However, it can be locally encountered at shallow depths up to approximately 1900 m where the variation in 
porosity is from 13% to 25%. This formation is widely distributed in the Mozambique Basin at depths mostly deeper 
than 3000 m. Many of the wells that were used as a basis for calculating the storage capacity did not penetrate the 
Sena formation. This constrained the “maximal extent” along the respective sections for this formation. 
Consequently the capacity estimates derived for the Sena formation represent a conservative estimate. The other 
formations generally lie at depths shallower than approximately 2800 m with porosities varying from 13% to 34%. 
The level of confidence in the storage capacity estimates can be categorized as low for the Sena and Upper 
Grudja formations, medium for the Domo sand formation and high for the Lower Grudja formation. The low level 
of confidence indicates to estimates associated with low to very low wellbore density (1 well approximately per 
5,000 km2) as well as complex subsurface and highly uncertain formation properties. The medium level of 
confidence show a medium wellbore density (1 well approximately per 2,000 km2) but moderate to low subsurface 
heterogeneity with continuity of reservoirs for up to on average 70 km. High level of confidence in estimates is 
associated with relatively high wellbore density (1 well approximately per less than 1000 km2) and relatively low 
structural complexity with ranges of rock properties (e.g. porosity) can be projected over areas of more than 20 km 
with average continuity up to 150 km.
The cumulative low-end and high-end theoretical CO2 storage capacities within the Mozambique Basin are 2Gt 
and 228 Gt, respectively. This very wide range reflects the degree of uncertainty in the basin characteristics. The 
high uncertainty in the capacity estimates are associated with the variations in rock properties (porosities), the 
applied net to gross ratios, thickness, density and spatial uncertainty. To reduce the uncertainty in the estimates more 
data is required, which is not available at this time. However a more robust estimate was made using the GIS 
approach described in Section 3.4. This approach allowed the estimations made to be more constrained both in terms 
of data (number of wells) and spatially as shown in Figure 7. The method takes into account the limitations in data 
and spatial variations and thus allowed to reduce the uncertainty in the theoretical low-end and high-end estimations 
(Figure 7). 
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The storage capacity estimates for each formation is summed up to produce the storage atlas with the ranges of 
estimates in terms of low-end and high-end as well as the spatial variations in the estimates. This in principle applies 
the concept of “Stacked Storage” which allows the optimization of the pore spaces by increasing the volumes of 
CO2 during storage as described by Hovorka and Tinker [13]. This approach allowed avoiding the unrealistic 
extrapolation throughout the basin and accounting for the possibility to store CO2 in multiple overlaying formations. 
a)                                                            b)
Figure 7: The storage atlas of the Mozambique Basin (a) low-end estimates (b) high-end estimates.
The digital storage atlas developed in this study should provide a basis for further work to reduce the 
uncertainty in these estimates. Furthermore it would also provide support to policy makers on future planning of 
CCS projects in the country. In particular, it can be used to identify the most promising regions for selection and 
qualification of sites for CO2 storage, and to map these against the possible needs for future CO2 emission 
abatement from stationary sources in Mozambique such as the planned coal fired power plants.  
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5. Conclusions
The primary objective of this study was to explore the potential for carbon dioxide (CO2) storage in the deep 
saline aquifer formations in the Mozambique Basin, and hence produce a preliminary CO2 storage atlas. It has been 
found that there is a potential for CO2 storage in the Mozambique Basin, namely: Sena, Domo sand, Lower Grudja 
and Upper Grudja formations. The calculated values represent low-end and high-end estimates, based on storage 
efficiency factor of 1% and 2%, respectively. The capacity estimates are, however, associated with high uncertainty 
due to variations in rock properties (porosities), thickness, the applied net to gross ratios, density and the spatial 
uncertainty which resulted in the range of outputs. 
The integrated approach that involved use of GIS tools and field data has resulted in more robust estimates which 
allowed reducing the spatial uncertainty and thus constraining CO2 storage capacity estimations.  It also allowed 
avoiding the unrealistic extrapolation throughout the basin and accounting for the possibility to store CO2 in 
multiple overlaying formations. The digital storage atlas developed in this study should provide a basis for further 
work to reduce the uncertainty in these estimates and also provide support to policy makers on future planning of 
CCS projects in the country. 
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